Abstract
1

Introduction
27
The history of developed countries shows that industry is the major source of new 28 carbon dioxide (CO2) emissions in the development process. However, a considerable 29 proportion of industrial emissions are released in order to satisfy the demand from 30 households for consumption. If these industrial emissions are attributed to household 31 consumption, then household consumption becomes one of the major sources of CO2 32 emissions. For example, more than 30% of CO2 emissions in U.S. are directly related 33 to household consumption (Vandenbergh et al., 2010 ) and 40% of the emission 34 growth in China in the period from 1992-2007 can be attributed to households for 35 consumption (Minx et al., 2011) . The important role of household consumption 36
should not be overlooked by policy makers since there is potential for energy policies 37 -and numerous other policies -to change household consumption behavior to reduce 38 energy consumption and associated emissions. Better understanding of household 39 energy use and decision-making processes is therefore necessary if effective policies 40 and programs are to be introduced (Dietz et al., 2013) . households have yet been adopted. In 2012, household consumption accounted for 36% 56 of Chinese GDP (NBSC, 2013) and it is expected to increase further in the future. 57
Considering the high share of household consumption in the economy, it is necessary 58 to explore the important role of households in carbon emission abatement. 59
60
There is an argument that the family planning policy adopted in China since 1970s 61 has helped carbon emissions reduction with estimates of the impacts varying between 62 100 million (Wang and Cai, 2010 ) and 400 million births prevented (Li, 2009) . 63
Currently the debate on the policy is going on and the strict policy has been relaxed 64 slightly as part of the response to an ageing society and this could have important 65 implications for energy use and carbon emissions. However, Satterthwaite (2009) 66 shows that the growth in population does not necessarily drive the growth in 67 greenhouse gas (GHG) emissions but rather that the growth in consumers and in their 68 levels of consumption does. Since members of a household often make consumption 69 decisions as a joint unit, it seems more plausible to consider the growth in households 70 rather than population as one of key drivers of the emission growth. In all of these studies, the share of emissions attributed to households is typically 162 associated with household consumption, directly or indirectly. The emissions related 163 to investments and exports are not taken as contributions of households. In our study, 164
we argue that all emissions should be attributed to households for current and future 165 consumption. Total emissions are generated to meet demand from households for 166 current consumption and non-households for investments and exports. For example, 167 27% of total Chinese emissions in 2007 can be attributed to exports to satisfy foreign 168 demand (Minx et al., 2011) . Consumption-based approaches would attribute 169 responsibility for these emissions not to Chinese producers but instead to foreign 170 consumers (Munksgaard and Pedersen, 2001 ). However, Chinese households receive 171 income from satisfying the export demand that will be used for consumption and 172 future investments that aim to create income for future consumption. Therefore, 173 emissions related to current exports and investments can be seen as contributions to 174 future household consumption. Hence, all emissions can be attributed to domestic 175 households since the emissions are released for either current or future consumption 176 of the households. 177
In order to indicate the tradeoff between current and future consumption made by 178 households at the aggregate level, we use the inversed consumption-GDP ratio since 179 GDP can be taken as a proxy for the income of all households and income generated 180 from investments and exports that will be used for future consumption. In our 181 analysis, the income corresponding to the governmental expenditure is linked for 182 future consumption even though part of the income is used for current consumption. 183
The higher the consumption-GDP ratio, the more is the current consumption and vice 184 versa. Hence, the inverse of consumption-GDP ratio indicates the income level (GDP) 185 by assuming current consumption to be 1 and that the income is always greater than 1. 186
The higher the inversed ratio, the higher share of income is saved for future 187 consumption. The details of the decomposition approach are described further in the Appendix. 196
Data description
197
The data used in our study address the determinants or impact factors outlined above. The tradeoff between current and future consumption 332
The inversed consumption-GDP ratio is used to indicate the tradeoff between current 333 and future consumption made by households at the aggregated level. During the 334 period, the inversed consumption-GDP ratio tends to increase over time since more 335 and more income has to be saved to meet the demand for investments and exports. As 336 a result, the cumulative contributions from the inversed ratio tend to increase so that 337 they achieve a level of 349. 
Discussion
359
We find that urban households are the main driver of emissions growth in China in 360 the past three decades, implying that these households should have greater 361 responsibility for emission reduction in the future. Nowadays China is at a 362 demographic turning point, changing from an agricultural society into an urban one, 363
and from a society attached to the land to a more floating one (Peng, 2011) . 364 Urbanization in China is expected to continue in the next decades, and the dominant 365 role of urban households will be enhanced. Even though household size may continue 366 to shrink for a long period due to the influence of urbanization and a floating 367 population, a continuation of the trend from 1978-2008 will mean more households 368 are expected to remain in cities and to contribute more to emission growth in the 369 future. Therefore, the dominant role that urban households play in shaping emissions 370 growth will continue and more policies targeting at urban households have to be made 371 to reduce carbon emissions in the future. intensity equal the sum of the effects of both energy intensity and the carbon emission 467 factor. Therefore, two main approaches are generally used to reduce carbon intensity: 468 one is to reduce energy intensity by promoting technological progress and increasing 469 energy efficiency and the other is to reduce the carbon emission factor by improving 470 the energy mix. However, we should not overlook that industry-wide carbon intensity 471 can also be reduced by adjusting the economic structure. 472
To check whether our results are strongly influenced by the assumptions we have 473 made in this study, we conduct some sensitivity analyses to test the significance of the 474 assumption. The uncertainty of our findings might be associated with the assumption 475 on the links between GDP and household consumption. As mentioned above, we used 476 the inversed consumption-GDP ratio to indicate roughly the trade-off between current 477 and future consumption made by households at the aggregate level, assuming all the 478 income corresponding to the governmental expenditure to be future consumption. 479
However, the inverse consumption-GDP ratio might underestimate current household 480 consumption due to overlooking the part of the government income used for current 481 consumption. To test the sensitivity of this assumption, we consider an extreme case 482 where all the governmental expenditure is treated as current rather than future (2) The inverse of consumption-GDP ratio = , where is total 568 households consumption, i.e., the sum of consumption of both rural and urban 569 households. If GDP is taken as a proxy of total income of all households 570 represented by the country, this term captures the difference between current 571 consumption and savings for future consumption. In other words, if a country 572 is taken as a representative consumer, the higher the ratio (R) implies the more 573 income saved for future consumption. In this sense, this ratio can be taken as a 574 patience indicator for future consumption. 575
We still keep T as the carbon intensity, representing a generalized concept of 576 technology, including at least three determinants: the energy consumption level per 577 unit output, the energy mix, and the associated emissions per unit energy. 578
Notice that we do not distinguish rural households from urban households for the 579 inversed consumption-GDP ratio. This implicitly assumes the same saving rate for 580 both rural and urban households. The assumption may lead to overestimate the 581 contributions of rural households if they have a higher saving rate. In addition, the 582 assumption of the same carbon intensity ( ) for both types of households may also 583 lead to overestimated contributions of rural households since they use less fossil fuels 584 and have a lower emissions intensity, which can be defined as carbon emissions per 585 unit income of a household. 586
Hence, the IPAT identity is modified to become: 587
This equation can be rewritten as the sum of two terms: one is related to urban 588 households 589
and the other is related to rural households 590
At the first stage, the logarithmic mean Divisia index (LMDI) decomposition 591 approach is adopted for both terms respectively to obtain the effect of each 592 determinant from one year t to the next year t+1. We sum up to obtain effects on 593 emission growth of rural and urban households respectively. At the second stage, we 594 sum up the effects of the same determinants to obtain the effects of the six 595 determinants on the right hand side of Eq. (2). 596
In the first stage of the decomposition, we obtain 597 In the second stage of decomposition, we sum up across households to get effects on 604 emission growth of total and each determinant for all households. In addition, to sum 605 up for each determinant over time, we obtain cumulative effects on emission growth 606 of the determinant. We can also sum the effects across determinants up to effect of an 607 aggregated determinant. For instance, the contributions of emissions per households 608 can be calculated as the sum of effects of household size, consumption per capita, the 609 inverse of consumption-GDP ratio, and carbon intensity. 610 
